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Solid-Phase Microextraction(SPME) is a novel solvent-free sample-preparation 
technique and combines sampling, isolation and enrichment in one step. Also, its 
simplicity of use, relatively short sample processing time, small sample requirement 
and feature of easy coupling to GC and HPLC. However, there are some 
disadvantages in commercial SPME fibers, such as low mechanical strength, 
instability and swelling in organic solvents, easy breakage, short service life and high 
price.  
This dissertation includes three chapters: 
In chapter I, the principle and development of SPME was introduced. In addition, 
MWCNTs, Nafion, polypyrrole and other new materials in the application of SPME 
were presented.  
In chapter II, A novel solid-phase microextraction (SPME) fiber coated with 
multiwalled carbon nanotubes (MWCNTs)/Nafion was developed and applied for the 
extraction of polar aromatic compounds (PACs) in natural water samples. The 
characteristics and the application of this fiber were investigated. Electron microscope 
photographs indicated that the MWCNTs/Nafion coating with average thickness of 
12.5 µm was homogeneous and porous. The MWCNTs/Nafion coated fiber exhibited 
higher extraction efficiency towards polar aromatic compounds compared to an 85 μm 
commercial PA fiber. SPME experimental conditions, such as fiber coating, extraction 
time, stirring rate, desorption temperature and desorption time, were optimized in 
order to improve the extraction efficiency. The calibration curves were linear from 
0.01 to 10 µg mL−1 for five PACs studied except p-nitroaniline (from 0.005 to 10 µg 
mL−1 ) and m-cresol (from 0.001 to 10 µg mL−1), and detection limits were within the 
range of 0.03 to 0.57 ng mL-1. Single fiber and fiber-to-fiber reproducibility were less 
than 7.5 (n=7) and 10.0 % (n=5), respectively. The recovery of the PACs spiked in 
natural water samples at 1 µg mL−1 ranged from 83.3 to 106.0 %. 
In chapter III, a novel SPME fiber coated with MWCNTs/Ppy was prepared by 















samples. The results showed that the MWCNTs/Ppy coated fiber has high organic 
stability, remarkable acid and alkaline resistance. In addition, MWCNTs/Ppy coated 
fiber was effective and superior to commercial PDMS fiber and PDMS/DVD fiber in 
extracting the pyrethroid pesticides studied in natural water samples. Under optimized 
conditions, the calibration curves were linear from 0.001 to 10 µg mL−1 for  six 
Pyrethroidstudied pesticides studied except fenvalerate (from 0.005 to 10 µg mL−1 ), 
and detection limits were within the range of 0.12 to 0.43 ng mL-1. The recovery of 
the Pyrethroid spiked in natural water samples at 10 ng mL−1 ranged from 83 to 112 
%. 
 








































固相微萃取（Solid phase microextraction，SPME）是 90 年代兴起的一种新



































图 1.1 SPME 装置 
Fig.1.1 Instrument of SPME 
 




取量受 k、Vf、Vs、C0 等因素影响，具体可用如下方程式表示： 
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式中：n 为萃取平衡后目标物的被萃取量，k 为目标物在基质和萃取头涂层中的
分配系数，Vf和 Vs分别为萃取头涂层和样品的体积，C0 为目标物在样品中的初





（Vf >> kVs），上式可以简化为： 
                           0n fkV C=                                                                    1-2 

















以看出， n 与样品的体积 Vs无关，当使用同一萃取头时，分配系数 k是固定值， 
n 与 C0 呈线性关系，即为 SPME 的定量基础。有的萃取头的涂层较厚，要达到萃
取平衡所需要的时间较长，这就违背了 SPME 技术快速检测的初衷。在这种情
况下，Ai[12]提出了 SPME 非平衡理论，很好地解决了这一问题。在萃取平衡到 
达前，当萃取时间 t 保持不变时，萃取相上目标物的被萃取量 n 可表达为： 
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k kV C V
kV V+
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